The effect of dietary DL-ethionine on egg laying and activi ties of succinate dehydrogenase, cytoplasmic and mitochondria! L-glycerol 3-phosphate dehydrogenases in liver and kidney of Japanese quail, Coturnix coturnix japÃ³nica was investigated. When quail at full laying were fed a diet supplemented with DL-ethionine at 0.05%, 0.10%, 0.15% and 0.30% (w/w), respectively, apparent DL-ethionine concentration dependent inhibi tions of egg laying rate, weights of ovary and oviduct, and egg weight were observed. At the 0.30% level, activity per g tissue of cytoplasmic L-glycerol 3-phosphate dehydrogenase from liver and kidney decreased to about onehalf of the initial activity. A significant difference in the activity of mitochondrial L-glycerol 3-phosphate and succinate dehydrogenase from liver and kidney was obtained between the control and the DL-ethionine fed quail, respectively. These results indicated that dietary DL-ethionine inhibits egg laying and activities of L-glycerol 3-phosphate dehydrogenases and suc cinate dehydrogenase of both liver and kidney of Japanese quail.
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Since cytoplasmic L-glycerol 3-phosphate dehydrogenase (EC 1.1.1.8) catalyzes the interconversion of dihydroxyacetone phos phate and L-glycerol 3-phosphate which are available as three carbon skeletons for formation of phospholipids and triglyc Ã©rides respectively (15) (16) (17) , and also, since the functions of mitochondria are in fluenced by ethionine treatments in mam malian livers (18, 19) , activities of cyto plasmic and mitochondrial L-glycerol 3-phosphate dehydrogenases (EC 1.1.1.8 and EC 1.1.99.5) appear to be proper biological indices to estimate the effects of ethionine treatment.
Although the final purpose is to establish the quantitative relationship between he patic function and egg laying in avian species, the general overall responses in connection with egg laying were examined with dietary DL-ethionine as a first step. The present paper deals with the effects of dietary DL-ethionine on egg laying, and activities of cytoplasmic and mitochondrial L-glycerol 3-phosphate dehydrogenases in liver and kidney of Japanese quail, Cotur ni* coturnix japÃ³nica.
MATERIALS AND METHODS
Animals and experimental designs. Young female quail,1 30 days of age, were raised in individual cages under controlled condi tions of both temperature (20Â°Â±1Â°)and lighting (light from 0600 to 2200 hours). In the following experiments, quail with egg laying rate over 90% were used and allowed free access to food and water under the same lighting program. Experiment 1. To examine the effect of feeding DL-ethionine on egg laying rate, quail were fed a commercial stock diet2 which was supplemented with DL-ethio nine 3 at 0.05%, 0.10%, 0.15% and 0.30% (w/w) respectively. Twenty birds per group were used in each of two trials. Experiment 2. To examine the effect of DL-ethionine on activities of enzymes in liver and kidney, quail were fed the same stock diet which was supplemented with DL-ethionine at 0.30% (w/w) level. Ten birds were used in each group.
Enzyme assays. Activity of the cytoplas mic L-glycerol 3-phosphate dehydrogenase (EC 1.1. /Â¿moles)at pH 10.0 of glycin-NaOH buffer ( 300 /Â¿moles ) in a final volume of 3.0 ml, following the increase of optical density at 340 nm (20, 21) . For the mitochondrial L-glycerol 3-phosphate dehydrogenase ( EC 1.1.99.5) and succinate dehydrogenase (EC 1.3.99.1), the standard reaction mix ture of 3.0 ml contained the following: 60 /AmÃ³lesof the respective substrate, 0.60 /uÃ±Ã³les of KCN, 150 /imoles of potassium phosphate buffer (pH 7.5), 0.4 mg of cytochrome c and 0.2 ml of the enzyme prepa ration. The initial rate of increase in dif ference of optical density at 550 nm and 541 nm4 was followed (20, 21) . These assays were performed at 30Â°and in all cases, the recorded activity was linear with 1Tissue weight were determined on llth day after DLethionine feeding and are expressed as means Â±soof twenty quail.
*Values not sharing a common superscript letter differ significantly (F < 0.05).
respect to both time and protein concen tration in the extract. Activity of enzyme is reported in units per g wet weight of respective tissue. One unit of enzyme was defined as the amount of the preparation which catalyzes the transformation of one /Â¿mole of substrate/minute. Specific activity was defined as number of units per g tissue.
Preparation of enzymes. In order to mini mize the possible effect of diurnal variation on activities of enzymes in liver and kidney of quail, every decapitation and exsanguination was carried out at a fixed time of 0900 to 0915, for each assay (22) . All sub sequent operations were performed at 2 to 4Â°in a cold room, as described previously (20, 21) .
Statistics. Results are reported as mean Â±so. The Student t test was used to test significance (23) .
RESULTS
The effect of dietary DL-ethionine at various levels on egg laying, and weights of tissues, egg and egg components. When quail at full laying condition were fed the stock diet supplemented with DL-ethionine at various levels; i.e. 0.05%, 0.10%, 0.15% and 0.30% (w/w), respectively and their egg laying recorded (experiment 1), a concentration dependent inhibition was obtained, as shown in figure 1. The highest inhibition was obtained at the 0.30% level, where most of quail stopped egg laying at around the 7th to 8th day of the 10-day experimental period.
As shown in table 1, the weight of the liver at llth day increased, as the level of dietary DL-ethionine increased, whereas the reverse relationships were obtained be tween the dietary level of DL-ethionine and the respective weight of ovary and ovi duct. With regard to difference in weight of the first and the last egg within the 10 day experimental period, a significant dif ference was obtained for the ethionine fed quail, while no such significant difference was obtained for the control group as shown in table 2. Concerning the absolute weight of egg components (yolk, albumen, membrane and shell component, respec tively) at the 0.15% level, a significant difference was obtained as shown in table 3, whereas no significant differences in the ratios of the respective egg components to total egg weight were observed between the first and the last egg.
The effect of dietary DL-ethionine at 0.30% level on food intake, tissue weights and activities of liver and kidney enzymes. As shown in figure 2 , the daily food intake of the DL-ethionine fed quail decreased from 22 g to 12 g per bird. In spite of this marked decrease in the daily food intake, the liver weight of the DL-ethionine fed quail became significantly larger than that of the control quail around the 9th day, while no significant difference was ob tained for the kidney weight, as shown in figure 3 . The time courses of the effects of dietary DL-ethionine at the 0.30% level on the activity of cytoplasmic L-glycerol 3-phosphate dehydrogenase of liver and kid ney were compared with those of the con trol group (fig. 4) . A significant difference in the enzyme activity after the dietary DL-ethionine feeding was observed for the liver and kidney enzymes between the ex perimental and the control, but no marked difference was observed in the rate of de crease of the enzyme activity between the liver and the kidney enzymes. The specific activity of the kidney enzyme was signifi cantly higher than that of the liver enzyme. No significant difference was observed in the apparent Km value for L-glycerol 3-phosphate of the cytoplasmic L-glycerol 3-phosphate dehydrogenase of the control and the DL-ethionine fed quail liver after the dietary DL-ethionine feeding (see, 21, 24) . Results were shown in table 4 for the apparent activities of mitochondrial L-glyc- eroi 3-phosphate dehydrogenase and succinate dehydrogenase of the control and the dietary DL-ethionine fed quail liver and kidney. A significant difference due to the dietary DL-ethionine was observed in both enzymes on the 10th day of feeding. DISCUSSION Although most work on various biologi cal responses of ethionine treatment have been done in animals (1-9), the present work is the first to demonstrate the effect of dietary DL-ethionine on egg laying. Since egg laying is a highly integrated physi ological performance, we attempted to find dietary DL-ethionine dependent spe cific changes, if any, among functions of 1Data are expressed as means Â±BD of ten quail, bility of a significant treatment effect.
*Proba-
liver, kidney, ovary, oviduct and others in special connection to egg laying. In the present work, however, dietary DL-ethionine appeared to elicit the primary overall ef fects on quail whole body, including func tions of liver and kidney, and to induce a secondary depression of egg laying. These overall effects of dietary DL-ethionine are similar to those in the growth inhibition of many growing animals (1) (2) (3) (4) 6 ) .
Concerning the positive stereo-isomer specific effects of ethionine and methionine on metabolism, either optical isomer of ethionine has been shown to induce growth inhibition in the rat (25) and the probable inversion of the D isomer to the L isomer in vivo, probably via the intermediary a-keto acid, has been suggested ( 25 ) . How ever, the results obtained with Â¿8-2-thienylalanine in Saccharomyces cerevisiae, Escherichia coli, and Lactobacillus delbrueckii LD5 (26) and with methoxinine in Escherichia coli ( 27 ) have shown that only the L enanthiomorph of ÃŸ-2-thienylalanine and methoxinine was biologically active, respectively. Since little has been done on the differences in the responses of chick embryo and domestic fowl (7) (8) (9) to the two enantiomorphs of ethionine, the posi tive enantiomorphic effects of ethionine on egg laying and other metabolism of female quail remain to be elucidated. The activity per g tissue of the kidney cytoplasmic L-glycerol 3-phosphate dehydrogenase of normal female quail was sig nificantly higher than that of the hepatic enzyme ( fig. 4) , which is in contrast to reports on the rat (28) . In spite of no apparent effect of 0.30% dietary DL-ethio nine on kidney weight, in contrast to hepatic weight, the activity of the kidney enzyme was markedly inhibited to a simi lar extent as was observed for the hepatic enzyme. The kidney enzyme level ap peared to be useful as a biological index for ethionine toxicity, but its physiological significance remains to be elucidated. Since no significant difference in Km value for L-glycerol 3-phosphate was observed for the hepatic enzyme, and also, since no infor mation on allosteric or other qualitative transitions or marked inhibition of the hepatic enzyme by free fatty acids or tri glycÃ©rides have been reported (29) (30) (31) , changes in the activity by dietary DL-ethio nine seem to be a quantitative decrease in the concentration of the hepatic enzyme molecule (21, 24) . Since significant differ ences in the activities of mitochondrial L-glycerol 3-phosphate dehydrogenase and succinate dehydrogenase, before and after DL-ethionine treatment were seen, there seemed to be an inhibitory effect on the activities of either of the mitochondrial enzymes. The inhibitory effect on succinate dehydrogenase of female quail liver and kidney (table 4), was apparently different from the effect of DL-ethionine on the liver enzyme of female rats, where DNP-stimulated respiration is normal when potassium succinate is the substrate (19) . The differ ence might be due to differences in experi mental procedures, and remains to be eluci dated in more detail, as the mitochondrial damages by DL-ethionine include abnormal cation transport (18, 32) , and oxidative phosphorylation ( 19) . Also, the possibility of inhibition of the activities of these mito chondrial enzymes by endogenous fatty acids and lipids cannot be ruled out (33). Since egg laying requires the utilization of surplus metabolic energy above the basal metabolic energy, it is not conceiv able that the depression of egg laying by dietary DL-ethionine corresponds accurately to those of activities of hepatic enzymes. In fact, although one half of the initial activity of the hepatic enzymes remained on the 9th to 10th day after dietary DLethionine treatment, no egg laying was observed. However, simultaneous decreases in egg laying and activities of hepatic en zymes appear to show one aspect of the dependency of egg laying on hepatic func tion. The fact that no marked changes in the ratio of each egg component weight to total egg weight were observed between the first and the last egg, suggests that total egg weight is not controlled primarily by dietary DL-ethionine, and rather, is con trolled by the weight of the egg yolk. Furthermore, the integrated, but mutually independent, physiological functions of ovary and oviduct are involved in egg laying. The apparent higher contribution of egg yolk to determine egg weight ap pears to imply that the dietary DL-ethionine affects functions of ovary rather than ovi duct, via its effect on hepatic function. As far as the present work is concerned, di- rect evidence to support hepatic function dependent quantitative follicular growth were not obtained.
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